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1. Introdução
$SDUWLUGDGpFDGDGHLQLFLRXVHDFKDPDGD5HYROXomR9HUGHTXHFRQVLVWHQDGUiVWLFDHYROXomRGR
SURFHVVRWUDGLFLRQDOGHFXOWLYRDJUtFRODFRPDLQVHUomRGHQRYDVWHFQRORJLDVHYLVDQGRDPSOLDUDSURGXomRH[-
WHQVLYDDJUtFRODPDLVHVSHFL¿FDPHQWHDVcommodities$VWHFQRORJLDVHPSUHJDGDVQHVVHSURFHVVRHQYROYHPQD
PDLRULDGRVFDVRVRXVRGHDJURWy[LFRVFRPD¿QDOLGDGHGHFRQWURODUGRHQoDVHDXPHQWDUDSURGXWLYLGDGH
6HJXQGR6SDGRWWRFLWDGRSRU3HUHLUDHWDORFRQVXPREUDVLOHLURGHDJURWy[LFRVDXPHQWRXFHUFD
GHHQWUHH1RPHVPRSHUtRGRDiUHDRFXSDGDFRPODYRXUDVDXPHQWRXDSHQDVFRQ¿UPDQGR
DXWLOL]DomRH[FHVVLYDGHSHVWLFLGDV$OpPGLVWRDSDUWLUGHR%UDVLOWRUQRXVHRPDLRUFRQVXPLGRUPXQGLDO
GHDJURWy[LFRVHQJOREDQGRFHUFDGHGRPHUFDGRPXQGLDO&$51(,52 et al.
2VDJURWy[LFRVMXQWDPHQWHFRPRVIHUWLOL]DQWHVVmRDVPDLRUHVIRQWHVGHFRQWDPLQDomRGHiJXDSRWiYHO
HPSDtVHVHPGHVHQYROYLPHQWRFRPRR%UDVLOVHJXQGR/DJDO\HWDO7DLVH[FHVVRVVmRFRQVHTXrQFLDGR
XVRGHVFRQWURODGRGDDSOLFDomRGHGRVHVHOHYDGDVHRXGHVQHFHVViULDV DOpPGRFXOWLYRHP ORFDLVSUy[LPRVD
UHVHUYDVDTXtIHUDV(VWDIRUPDGHSROXLomRXOWUDSDVVDDVEDUUHLUDVDPELHQWDLVWRUQDQGRVHXPSUREOHPDGHVD~GH
FROHWLYDHTXHQHFHVVLWDGHXPDUiSLGDHH¿FLHQWHUHPHGLDomREXVFDQGRPLQLPL]DURVGDQRVHHYLWDQGRTXHDWLQMD
RXWURVPHLRV
(PVHXWUDEDOKR3HOL]]HWWL et al.YHUL¿FRXTXHRVSURFHVVRVWUDGLFLRQDLVSDUDDGHJUDGDomRGH
DJURWy[LFRVPRVWUDUDPVHLQH¿FD]HVOHQWRVRXDSHQDVWUDQVIHULDPRSUREOHPDSDUDRXWUROXJDU0HGLDQWHDLVWR
RV3URFHVVRV2[LGDWLYRV$YDQoDGRV32$DSDUHFHPFRPRXPDDOWHUQDWLYDLQWHUHVVDQWHHSURPLVVRUDSDUDDUH-
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VROXomRGRGDGRSUREOHPD2SULQFtSLRGHIXQFLRQDPHQWRGRV32$VpDJHUDomRGHUDGLFDLVOLYUHVDOWDPHQWHR[L-
GDQWHVOHYDQGRDTXHEUDVVXFHVVLYDVGDHVWUXWXUDRUJkQLFDGRUHVtGXRLQLFLDODWpTXHHVWHUHVXOWHHP&2+O e VXESURGXWRVDWy[LFRV32$pDFODVVL¿FDomRPDLVDEUDQJHQWHGHSURFHVVRVTXHEXVFDPPLQHUDOL]DUHVSpFLHVRUJk-
QLFDVWUDQVIRUPDQGRFRPSRVWRVWy[LFRVHPDWy[LFRV1HVWHSUHVHQWHWUDEDOKRR32$XWLOL]DGRIRLDIRWRH[FLWDomR
GHXPVHPLFRQGXWRU2VHPLFRQGXWRUHVFROKLGRIRLR3HQWy[LGRGH1LyELR1EO5HDIDL[DGHUDGLDomRXWLOL]DGDSDUDVXDH[FLWDomRIRLR8OWUDYLROHWD
21EO5IRLHVFROKLGRFRPRIRWRFDWDOLVDGRUSRLVGHDFRUGRFRP%UD\QHUH%R]RQ9HUGXUD]HWDOH=KDR et al.YHPUHFHEHQGRDWHQomRFUHVFHQWHQRFDPSRGDFDWiOLVHSULQFLSDOPHQWHSDUDDGHJUDGDomRGH
FRQWDPLQDQWHVRUJkQLFRVGHYLGRDFDUDFWHUtVWLFDVFRPRDDEVRUomRGHHQHUJLDQDUHJLmRGRXOWUDYLROHWDSUy[LPR
GHQPHDRband gapGHDSUR[LPDGDPHQWHH9$OpPGLVWRR%UDVLOGHWrPGDVUHVHUYDVFRQKHFLGDV
GH1LyELRQRPXQGRFHUFDGHWRQHODGDVID]HQGRFRPTXHRDSHORSHORXVRGHVWHPHWDODXPHQWH
DWULEXLQGRDR1EO5JUDQGHLPSRUWkQFLDGRSRQWRGHYLVWDWHFQROyJLFRSRGHQGRWRUQDORXPPDWHULDOHVWUDWpJLFRSDUDRSDtV
(VWHSUHVHQWH WUDEDOKR WHYH FRPRREMHWLYRSULQFLSDO DYDOLDUXPDSRVVLELOLGDGHGH HPSUHJDU H DJUHJDU
YDORUDXPPDWHULDODEXQGDQWHQR%UDVLORQLyELREXVFDQGRFRQWULEXLUFRPDUHVROXomRGHXPSUREOHPDDPELHQWDO
HGHVD~GHFROHWLYDDFRQWDPLQDomRGDiJXDSRUDJURWy[LFRV'HVWDPDQHLUDSURFXURXVHWUDoDUSDUDOHORVHQWUHDV
FDUDFWHUtVWLFDVHVWUXWXUDLVPRUIROyJLFDVVXSHU¿FLDLVGR1EO5VLQWHWL]DGRHDVXDDWLYLGDGHIRWRFDWDOtWLFDIUHQWHDGRLVDJURWy[LFRVDPSODPHQWHXVDGRV
2. Materiais e Métodos
21EO5 IRL VLQWHWL]DGR SRUPpWRGRV GLVWLQWRV XWLOL]DQGR R R[DODWR DPRQLDFDO GH QLyELR1+>1E2-&O+2@Q+2FHGLGRSHOD&%002VPpWRGRVXWLOL]DGRVIRUDPRGRVSUHFXUVRUHVSROLPpULFRV033HSoft 
Chemical Route 6&5DGDSWDGRGRGHVFULWRSRU%UD\QHUH%R]RQ9HUGXUD]HWDO(PDPERVRVFDVRVDV
VtQWHVHVIRUDPUHDOL]DGDVSRUGLIHUHQWHVURWDVVLQWpWLFDVEXVFDQGRVHPSUHDPDLVH¿FLHQWHUHVSRVWDIRWRFDWDOtWLFD
IUHQWHDRVDJURWy[LFRVXWLOL]DGRV2SULPHLURPpWRGRFRQVLVWHGDFRPSOH[DomRGRPHWDOVHJXLGRGDIRUPDomRGH
XPSROtPHURHHVWHSRUVXDYH]SDVVDSRUFDOFLQDomRHRXRXWURPpWRGRGHHOLPLQDomRGHRUJkQLFRV3DUDDFRP-
SOH[DomRIRLXWLOL]DGRiFLGRFtWULFR6\QWK3$$&6$&HPPHLRDTXRVRHHPGLIHUHQWHVSURSRUo}HVPRODUHVH
DSROLPHUL]DomRIRLUHDOL]DGDXWLOL]DQGRRGLROHWLOHQRJOLFRO6\QWK3$(*$SyVHVWDHWDSDRVSURGXWRVREWLGRV
IRUDPFDOFLQDGRVD&SRUKRUDVVREWD[DVGHDTXHFLPHQWRGH&PLQVHJXLGDGHFULVWDOL]Do}HVDGLIHUHQWHV
WHPSHUDWXUDV2ÀX[RJUDPDHVTXHPDWL]DQGRRPpWRGRSRGHVHUREVHUYDGRQD)LJXUD
)LJXUD)OX[RJUDPDGHVFULWLYRGRPpWRGRGRVSUHFXUVRUHVSROLPpULFRV
2PpWRGRSoft Chemical RouteFRQVLVWHQDGHFRPSRVLomRGRSUHFXUVRUGHQLyELRXWLOL]DQGR1+OH por KRUDVD&DSyVLVWRRSURGXWRGDUHDomRpVXEPHWLGRDFULVWDOL]Do}HVVHPHOKDQWHVDRPpWRGRDQWHULRU2
ÀX[RJUDPDHVTXHPDWL]DQGRRPpWRGRSRGHVHUREVHUYDGRQD)LJXUD
)LJXUD)OX[RJUDPDGHVFULWLYRGRPpWRGRSoft Chemical Route.
$SyVDREWHQomRGRVPDWHULDLVWRGRVIRUDPVXEPHWLGRVDFDUDFWHUL]Do}HVItVLFRTXtPLFDVFRPRGLIUDomR
GHUDLRV;'5;HVSHFWURVFRSLDV5DPDQQDUHJLmRGRLQIUDYHUPHOKRGHUHÀHWkQFLDGLIXVDQDUHJLmRGRXOWUD-
YLROHWDPLFURVFRSLDVHOHWU{QLFDVPHGLGDVGHSRWHQFLDO]HWD(VWDVDQiOLVHVIRUDPLPSRUWDQWHVSDUDFRQKHFHUDV
FDUDFWHUtVWLFDVTXHIRVVHPUHOHYDQWHVSDUDDIRWRFDWiOLVHFRPRPRUIRORJLDHVWUXWXUDHVWDELOLGDGHHQWUHRXWUDV
6LPXOWDQHDPHQWHDVFDUDFWHUL]Do}HVIRUDPUHDOL]DGRVHQVDLRVIRWRFDWDOtWLFRVSDUDYHUL¿FDUDH¿FLrQFLDH
RGHVHPSHQKRGDVDPRVWUDVGH1EO5 VLQWHWL]DGDVSRUPHLRGDGHJUDGDomRGHDWUD]LQDHLPD]DTXLQ2VWHVWHVIR-UDPIHLWRVFRPSDUDQGRDVGLIHUHQWHVDPRVWUDVQDVPHVPDVFRQGLo}HVHHPWULSOLFDWD)RUDPXWLOL]DGRVFHUFDGH
P/GHVROXomRFRQWHQGRJ/GHSHVWLFLGDSDUDFDGDJGHDPRVWUDGH1EO5(PWRGRVRVFDVRVXWLOL]RXVHXPIRWRUUHDWRUWHUPRVWDWL]DGRFRPIRQWHGHUDGLDomR89&HPLVVmRPi[LPDHPQP$FDGDLQWHUYDORGH
PLQXWRVDPRVWUDVIRUDPFROHWDGDVHDQDOLVDGDVSHODWpFQLFDGH(VSHFWURVFRSLD899LVtYHO
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3. Resultados e Discussão
$DYDOLDomRGDVIDVHVFULVWDOLQDVGH1EO5IRLUHDOL]DGDSRU'5;2VGLIUDWRJUDPDVGHUDLRV;GDVDPRV-WUDVREWLGDVQDVVtQWHVHVUHDOL]DGDVVmRDSUHVHQWDGRVQD)LJXUDeSRVVtYHOREVHUYDUTXHDVDPRVWUDVDSUHVHQWD-
UDPFHUWRJUDXGHFULVWDOLQLGDGHVHQGRSRVVtYHOYHUL¿FDUDGH¿QLomRGRVSLFRV2VSDGU}HVGRVSLFRVREWLGRVVH
DVVHPHOKDPDVIDVHVSVHXGRKH[DJRQDO771EO5HRUWRUU{PELFD71EO5GHDFRUGRFRPR-RLQW&RPPLWWHRQ3RZGHU'LIIUDFWLRQV6WDQGDUGV
)RUDPREWLGRVHVSHFWURV5DPDQGDVDPRVWUDVVLQWHWL]DGDVSHORVWUrVPpWRGRVHPTXHVWmRFRPD¿QD-
OLGDGHGHFRQ¿UPDUDLGHQWLGDGHGDVIDVHVREVHUYDGDVQRVGLIUDWRJUDPDVDFLPD$)LJXUDDHVTXHUGDDSUHVHQWD
RHVSHFWURGDVDPRVWUDVREWLGDVSHOR033YDULDQGRDSURSRUomRGH$&1E'HDFRUGRFRP-HKQJH:DFKVHWDO
RDXPHQWRGDFULVWDOLQLGDGHRFDVLRQDXPDOHYHGLIHUHQoDHQWUHRVYDORUHVGHGHVORFDPHQWR5DPDQGHa
cmSDUDDIDVH77HaFPSUDD7DSHVDUGLVWRDVHVWUXWXUDVVHPDQWrPPXLWRVLPLODUHV
6mRDSUHVHQWDGRVDLQGDQD)LJXUDDGLUHLWDRVHVSHFWURVGHLQIUDYHUPHOKRFRPWUDQVIRUPDGDGH)RXULHU
)7,5GDVDPRVWUDVREWLGDVSHOR033YDULDQGRDSURSRUomR$&1E$VEDQGDVGHVVD)LJXUDVmRDWULEXtGDVDi 
FPYLEUDomRDQJXODU1E2i DFPYLEUDomRDQJXODU1E21Ei DFP
HVWLUDPHQWR1E 2iaFPHVWUXWXUDGLVWRUFLDGH1E2
)LJXUD'5;VGDV DPRVWUDV VLQWHWL]DGDVSHORPpWRGRGRVSUHFXUVRUHVSROLPpULFRV HVTXHUGD H soft 
chemical routeGLUHLWDDPERVYDULDQGRDWHPSHUDWXUDGHFULVWDOL]DomR
 
)LJXUD(VSHFWURVGH5DPDQHVTXHUGDHGHLQIUDYHUPHOKRFRPWUDQVIRUPDGDGH)RXULHUGLUHLWWDGH
DPRVWUDVVLQWHWL]DGDVSHOR033YDULDQGRDSURSRUomRPRODUGH$&1E
1D)LJXUDVmRDSUHVHQWDGRVRHVSHFWUR89YtVGDGHJUDGDomRGHDWUD]LQDXWLOL]DQGR1EO 5HVTXHUGDHXPJUi¿FRGH&&HPIXQomRGHWHPSRSDUDDVDPRVWUDVVLQWHWL]DGDVSHOR6&5YDULDQGRDWHPSHUDWXUDGHFULV-WDOL]DomR
)LJXUD(VSHFWURGDGHJUDGDomRGH$WUD]LQD HVTXHUGD H JUi¿FR&&
o
 HYLGHQFLDQGR D H¿FLrQFLDGD
GHJUDGDomR
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$WUDYpVGDVFDUDFWHUtVWLFDVGRVJUi¿FRV&&SRUWHPSRFRQVLGHURXVHDIRWRGHJUDGDomRGDDWUD]LQDFRPRXPDUHDomRGHRUGHP8WLOL]DQGRDVUHODo}HVREWLGDV&&HDHTXDomRGHFLQpWLFDGHRUGHPIRUDPFDOFXODGDVDVFRQVWDQWHVGHUHDomRNRXQHVWHFDVRDVFRQVWDQWHVGHGHJUDGDomR2VYDORUHVGHNREWLGRVIRUDPSDGURQL-
]DGRVSDUDDIRWyOLVHGLUHWDGDDWUD]LQDFRPYDORUGHNLJXDODPLQ e alguns dos valores mais expressivos 
VmRRVGDVDPRVWUDVVLQWHWL]DGDVSHOR033XWLOL]DQGRPROVGH$&SUDFDGDPROGH1EHFULVWDOL]DGDD&N
pLJXDODPLQ
4. Conclusões
'HDFRUGRFRPRVUHVXOWDGRVDSUHVHQWDGRVQDVHomRDQWHULRUQDOLWHUDWXUDXWLOL]DGDHQRVREMHWLYRVSUR-
SRVWRVSRGHVHFRQFOXLUTXH
 $PDLRULDGDV13VGH1EO5VLQWHWL]DGDVSHORV033H0'DSUHVHQWDUDPSRWHQFLDOSDUDDDSOLFDomRFRPRIRWRFDWDOLVDGRUHVGH32$V
 (PUHODomRDVIDVHVGR1EO5REWLGDVHFDUDFWHUL]DGDVDVWUrV1EO5+2771EO5H71EO5DSUH-VHQWDUDPUHVSRVWDVIRWRFDWDOtWLFDVSURPLVVRUDVGRSRQWRGHYLVWDGDYHORFLGDGHGHGHJUDGDomRGRSROXHQWH
HPTXHVWmR
 2033PRVWURXVHFRPRPpWRGRHPTXHIRUDPVLQWHWL]DGRVRVIRWRFDWDOLVDGRUHVPDLVH¿FLHQWHVPDLV
HVSHFL¿FDPHQWHTXDQGRXWLOL]RXVHDSURSRUomRGHPROVGH$&SRUPROGH1E
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